ethers (PBDEs) are flame retardants used worldwide in a variety of commercial 28 goods, and are now widely found in both environmental and biological samples. BDE-47 is one of the most 29 pervasive of these PBDE congeners and therefore is of particular concern. In this study C57BL/6J mice were 30 exposed perinatally to 0.03, 0.1 or 1 mg/kg/day of BDE-47, a dose range chosen to encompass human expo-31 sure levels. Tissue levels of BDE-47 were measured in the blood, brain, fat and milk of dams and in whole fetal 32 homogenate and blood and brain of pups on gestational day (GD) 15, and postnatal days (PNDs) 1, 10 and 21.
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27
Polybrominated diphenyl ethers (PBDEs) are flame retardants used worldwide in a variety of commercial 28 goods, and are now widely found in both environmental and biological samples. BDE-47 is one of the most 29 pervasive of these PBDE congeners and therefore is of particular concern. In this study C57BL/6J mice were 30 exposed perinatally to 0.03, 0.1 or 1 mg/kg/day of BDE-47, a dose range chosen to encompass human expo-31 sure levels. Tissue levels of BDE-47 were measured in the blood, brain, fat and milk of dams and in whole fetal 32 homogenate and blood and brain of pups on gestational day (GD) 15, and postnatal days (PNDs) 1, 10 and 21.
33 From GD 15 to PND 1 levels of BDE-47 increased within dam tissues and then decreased from PNDs 1 to 21. 34 Over the period of lactation levels in dam milk were comparatively high when compared to both brain and 35 blood for all dose groups. Measurable levels of BDE-47 were found in the fetus on GD 15 confirming gesta-36 tional exposure. From PNDs 1 to 21, levels of BDE-47 in pup tissue increased over the period of lactation 37 due to the transfer of BDE-47 through milk. Behavioral tests of fine motor function and learning and memory 38 were carried out between postnatal weeks 5-17 in order to evaluate the neurobehavioral toxicity of BDE-47. 39 Behavioral deficits were only seen in the Barnes spatial maze where mice in the three exposure groups had 40 longer latencies and traveled longer distances to find the escape hole when compared to vehicle control mice.
41 These results support the conclusions that perinatal exposure to BDE-47 can have neurodevelopmental con Miller et al., 2012; Park et al., 2011) . In these biological samples, 84 BDE-47 usually makes up 50% of the congener profile (EPA, 2008) . fore, it is likely that there is considerable early life exposure to 86 when compared to other congeners.
87
Developmental studies by Roze et al. (2009) , Herbstman et al. 88 (2009), Shy et al. (2011) and Gascon et al. (2011) 
104
There are also several studies in murine models indicating that 105 developmental exposures to PBDEs, including BDE-47, can disrupt nor-106 mal brain development (Gee and Moser, 2008; Suvorov et al., 2009; 107 Viberg et al., 2002 107 Viberg et al., , 2004 . A single acute exposure to either 8 or 108 12 mg/kg of 2,2′,4,4′5-brominated diphenyl ether (BDE-99) on postna-109 tal day (PND) 10 alters spontaneous motor behaviors in adult mice 110 (Eriksson et al., 2001) , decreases locomotor behavior in response to 111 nicotine (Viberg et al., 2002) , alters levels of proteins associated with 112 neurodegeneration and neuroplasticity in the striatum, and alters ener-113 gy metabolism in the hippocampus (Alm et al., 2006) . Exposure to 114 higher brominated congeners such as 153, 183, 203, 206, and 209 115 at concentrations ranging from 0.4 to 20.1 mg/kg has also been associ-116 ated with developmental toxicity (Dingemans et al., 2007; Jin et al., 117 2010; Viberg et al., 2002 Viberg et al., , 2003 Viberg et al., , 2006 Viberg et al., , 2007 Viberg et al., , 2008 . Animal studies 118 on BDE-47 indicate that spontaneous motor activity is a sensitive do-119 main to exposure. Recent research has demonstrated that early devel-120 opmental exposure to BDE-47 in mice can lead to hyperactivity and 121 decreased habituation to a novel environment (Eriksson et al., 2001; 122 Gee and Moser, 2008; Suvorov et al., 2009 
156
The present study was undertaken to further examine the motor (2 IU) of oxytocin using a 27-guage needle attached to a 1 ml syringe.
255
Milk was extracted using a vacuum system as described by Depeters QuanLynx module were used, including automatic noise measurement.
327
Peak smoothing was applied before integration using a 2 × 1 scan win-328 dow and employing the Savitsky-Golay smoothing method. Behavioral tests are described in the order that they were admin-346 istered along with the approximate age of testing in parenthesis. All 347 tests were conducted during the light phase of the light/dark cycle.
348
One male pup and one female pup were randomly selected from Spatial learning and memory were assessed using the Barnes spa-378 tial maze following a protocol adapted from Patil et al. (2009 The minimum level set for statistical significance was p ≤ 0.05. Table 2 shows levels of BDE-47 in blood, brain, and fat from the 468 dams for the 0.03, 0.1 and 1 mg/kg/day and vehicle exposure groups.
469
The time points evaluated in the dams were gestational day (GD) 15,
470
and PNDs 1, 10 and 21. BDE-47 levels in milk were also measured on Table 3 . In both blood and brain of pups, levels of BDE-47 increased from 512 PND 1 to PND 21 documenting continued exposure during lactation.
513
As shown in Table 3 5.3 ± 1.5 (4) 6.7 ± 0.74 (3) bLOD t2:5 0.1 bLOD 8.5 ± 2.6 (4) 6.9 ± 3.5 (3) bLOD t2:6 1 24.2 ± 3.0 (6) 28.0 ± 2.7 (5) 7.5 ± 1.8 (5) 6.5 ± 1.2 (5) t2:7
Brain (ng/g) 0.03 12.1 ± 0.5 (4) 9.9 ± 1.5 (5) 4.1 ± 1.0 (3) bLOD t2:8 0.1 13.3 ± 2.3 (4) 25.1 ± 2.9 (5) 14.3 ± 2.8 (3) 6.4 ± 0.54 (4) t2:9 1 147 ± 32.4 (5) 243 ± 30.5 (5) 51.7 ± 13.8 (4) 24.8 ± 5. 
Litter size, sex ratio and pup weight gain
527
There were no significant differences in the number of pups in 
553
No significant differences between sexes were found in this test. Fig. 1 . Latency (A) and distance (B) to find the escape hole in the Barnes maze. Mice in the 0.03, 0.1 and 1 mg/kg/day BDE-47 treatment groups had significantly longer latencies and traveled a longer distance to escape when compared to vehicle controls on the first day of training. No significant effects were seen on days 2-4 of training or the probe trial on day 5. Not shown in figure: no significant differences between groups in the number of visits to the escape hole were found during the probe trial. Group means ± SEM were 5.71 ± 0.59, 4.50 ± 0.41, 5.61 ± 0.51, and 4.95 ± 0.43 for the vehicle, 0.03, 0.1 and 1 mg/kg/day groups, respectively. *p b 0.05 and #p b 0.01 versus the vehicle control group.
the hour to evaluate possible changes in activity over time (Eriksson 583 et al., 2001 half-life than the brain which may explain, at least in part, the very 602 high levels of BDE-47 in fat in the present study (Staskal et al., 2005) . supported by the observation that there were measurable levels of 631 BDE-47 in milk that followed a dose-response pattern similar to that 632 seen in fat. Although the levels of BDE-47 in milk appeared to decrease 633 slightly from PNDs 10 to 21, they still remained high compared to other 634 tissues. As the levels of BDE-47 decreased in dams from PND 1 to PND 635 21, there was an apparent increase of BDE-47 in pup tissues during 636 the same period and by the end of lactation the levels in pups exceeded 637 the levels reported for dams. This finding is also consistent with the pre-638 vious reports that pre-weaning pups can achieve a higher accumulation 639 of BDE-47 than adults when exposed to the same concentration of 640 BDE-47 over the same time period (Staskal et al., 2006a; Ta et al., nd) . 
647
At birth significant brain levels of BDE-47 were found in both male 648 and female pups that averaged 7.7, 13.5, and 132.6 ng/g ww for the 649 0.03, 0.1 and 1 mg/kg/day groups, respectively. Again, these levels 650 increased during lactation so that levels on PND 21 were 10.9, 33.6, (Masuda et al., 1978) . 
680
Tissue levels of BDE-47 were similar in both male and female pups 681 on PNDs 10 and 21. This was somewhat unexpected because the 682 rate of elimination has been reported to be greater in male than female 683 mice (Sanders et al., 2006; Staskal et al., 2006b ). However, earlier stud-684 ies were carried out in adult mice, and adult males have 3 times the 685 level of MUP proteins circulating in their blood compared to females.
686
Gonadotropic hormones (e.g., testosterone) are thought to promote 687 higher levels of MUP proteins in adult males, so sex differences might 688 not be expected until puberty (approximately PND 28) (Clissold et al., 689 1984; McIntosh and Bishop, 1989; Zhou et al., nd) . This hypothesis 690 is also supported by a report that MUP proteins are equivalent between 691 sexes at 1 month of age, but by 4 months males have significantly 692 higher levels than females (Ramirez et al., nd) .
693
A goal of this study was to achieve BDE-47 tissue levels with a chron- (Staskal et al., 2006b; Staskal et al., 716 2005) and this may explain in part why levels of the parent compound, it appears to be readily mobilized into milk which may put the develop-722 ing infant at risk (Pelletier et al., 2003) .
723
Considered together, the tissue data from the present study docu- Barnes maze (Bannerman et al., 1995; Cain et al., 1996) , and the report 753 that early postnatal exposure to BDE-47 can alter the subunit composi-754 tion of the NMDA receptor (Dingemans et al., 2007) . In a previous study 755 by our laboratory, using the same BDE-47 dosing strategy, mice exposed 756 perinatally to BDE-47 at 1 mg/kg/day swam more slowly in the Morris 757 water maze, and also swam a shorter distance to find the hidden plat-758 form, suggesting effects on both motor activity and ability to navigate 759 the maze (Ta et al., nd).
760
The current study was designed to build on our previous data show- but one explanation could be related to stress associated with swimming 775 in the MWM (Engelmann et al., 2006) . Suvorov and Takser (2008) (Macri et al., 2009; Macri et al., 2011) depending on the duration of stress and corticosterone levels (Luine et 789 al., 1996) . Additionally there is research suggesting that both sensorimo-790 tor and lack in subordinate skills could account for the differences seen 791 in performance learning and memory tasks (Beare et al., 2009; Zhu et 792 al., 2009; Zota et al., 2011) , and thus could explain the differing results
793
in both the MWM from the previous study and Barnes maze from the 794 current study. To better assess the differences in effects between possi-795 ble learning and memory deficits and stress, additional tests such as re-796 versal phase MWM should be administered in future studies.
797
The ladder rung task was used to assess visuomotor performance hypo-and hyperactivity or no effect reported (Eriksson et al., 2001; 830 Gee and Moser, 2008; Suvorov et al., 2009; Ta et al., nd) . In view of 831 human studies suggesting that prenatal exposure to PBDEs is associated 832 with psychomotor deficits and poor fine manipulative abilities, possible 833 motor effects of exposure to PBDEs may be more complex than previ-834 ously appreciated (Herbstman et al., 2009; Roze et al., 2009 ). 
Effects of human exposure to PBDEs
836
The results of the present study did find altered performance in a spa- concern for human development from exposure to these compounds.
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